The volatile components of both peel and juice of Japanese citrus, Kabosu (Citrus sphaerocarpa Hort. ex Tanaka) were investigated using SAFE (Solvent Assisted Flavor Evaporation) technique after solvent extraction. In this study, wine lactone, rose oxide, (2E)-4,5-epoxy-2decenal, mintsulfide, and indole were newly identified from Kabosu. AEDA (Aroma Extract Dilution Analysis) of the oxygenated fraction of the peel extract showed high FD (Flavor Dilution) factors for linalool, (2E)-4,5-epoxy-2-decenal, octanal, (4Z)-decenal, β-citronellol, geraniol, and wine lactone, while wine lactone, linalool, eugenol, geraniol, and (2E)-4,5-epoxy-2-decenal from the juice extract. The enantiomeric distribution of linalool, cis-rose oxide, β-citronellol, and wine lactone were also determined using a multidimensional chiral GC/MS.
Kabosu (Citrus sphaerocarpa Hort. ex Tanaka) is considered to be one of the most familiar sour citrus fruits to Japanese people with Yuzu (Citrus junos Sieb. ex Tanaka) and Sudachi (Citrus sudachi Hort. ex Shirai). It is said that Kabosu has been cultivated for more than 300 years, but its origin is unknown. It has a thin, smooth peel and its average weight is 100 to 150 g. The peel has a refreshing aroma like Satsuma mandarin (Citrus unshu Marcov.) and the juice is very sour with a distinctive flavor. The juice is being used with broiled fish, grilled seafood, and also processed into table vinegar. The best season of harvest is around September to October. It is mostly produced in Oita Prefecture in the southern part of Japan, and the total amount of production in Japan was estimated to be approximately 4,600 tons in 2002.
Only few research papers related to the volatile components of Kabosu have been published. Minh Tu et al. previously studied Kabosu cold-pressed peel oil and its oxygenated fraction [1] . They reported that (R)-(+)citronellal was a characteristic element of Kabosu peel oil aroma but never mentioned anything related to the juice flavor. In this study, we investigated volatile components of both peel and juice of Kabosu respectively and aimed to reveal the characteristic aroma components in each flavor.
Each aroma concentrate from peel and juice of Kabosu produced in Oita Prefecture was prepared using SAFE technique after solvent extraction. The gas chromatograms of both concentrates are shown in Figure 1 . All the components identified in each concentrate are also listed in Table 1 sorted by the elution order of BC-WAX column. As a result of GC/MS analysis, 41 compounds were identified and quantified from the peel concentrate, and 151 compounds from the juice concentrate. In general it is known that the oxygenated components are responsible for the characteristic odor of citrus varieties. The sums of GC/FID peak area percentages of the oxygenated components in both aroma concentrates were 1.2% in the peel and 0.7% in the juice, respectively. Minh Tu et al. reported that monoterpene hydrocarbons accounted for more than 94.6% in the cold-pressed peel oil from Kabosu produced in Oita Prefecture and the main compounds were limonene (70.5%), myrcene (20.2%), γ-terpinene (2.6%), α-pinene (0.7%), and octanal (0.7%) [1] . Njoroge et al. also reported that monoterpene hydrocarbons accounted for 98.0% in the cold-pressed peel oil and the main compounds were limonene (75.5%), myrcene (18.5%), γ-terpinene (2.8%), α-pinene (0.6%) [2] . In agreement with these reports, limonene (75.5%) was the most abundant compound in the peel aroma concentrate, followed by myrcene (17.7%), γ-terpinene (2.9%), and α-pinene (0.7%), accounting for 97.8% of monoterpene hydrocarbons. * Peak numbers correspond to those in Table 1 . The juice concentrate mainly consisted of limonene (71.9%), myrcene (19.0%), γ-terpinene (4.7%), βcaryophyllene (0.9%), and α-pinene (0.6%). As in the peel concentrate, myrcene was the second most abundant compound followed by γ-terpinene. Mintsulfide and indole, present in trace amounts, were newly identified from the Kabosu juice. It is reported that mintsulfide, a sulfurcontaining sesquiterpene, was identified in spearmint oil, chamomile blue oil, davana oil, basil oil, and so on [3] .
As a result of removing hydrocarbons from each aroma concentrate, each oxygenated fraction possessed the characteristic odor of Kabosu. This study revealed a significant compositional difference of the oxygenated fractions between peel and juice of Kabosu. Comparison of the major components of each oxygenated fraction is shown in Table 2 . GC/MS analysis revealed a total of 177 and 180 compounds from the oxygenated fractions of the peel and the juice, respectively.
In the peel oxygenated fraction, decanal (13.8%), octanal (11.5%), linalool (7.3%), nerol (5.8%), octanol (5.2%), and α-terpineol (4.9%) were the major compounds. On the other hand, decanal (7.6%), dodecanal (6.7%), α-terpineol (5.1%), 4-terpinenol (4.1%), and linalool (3.1%) were the major compounds in the juice oxygenated fraction. For the first time, wine lactone, rose oxide, and (2E)-4,5-epoxy-2decenal were identified from both fractions. Although present in low amounts, they all showed to be very important odor-active components.
The odor-active components of oxygenated fractions of peel and juice of Kabosu were revealed by means of AEDA. The aromagrams of both oxygenated fractions in Figure 2 show all the components of which the FD were higher than 4 4 . The corresponding major character impact odorants are illustrated in Table 3 . .02 a) calculated as GC/FID peak area % after removing the solvent peak areas. b) calculated using the internal standard.
Peel Juice
In the peel oxygenated fraction, linalool and (2E)-4,5epoxy-2-decenal showed the highest FD factors of 4 6 . Octanal, (4Z)-decenal, β-citronellol, geraniol, and wine lactone showed the FD factors of 4 5 . The higher FD factors are generally related to the important odor-active components. Therefore it was confirmed that these compounds with high FD factors strongly contributed to the original Kabosu peel flavor of refreshing, metallic, and Satsuma mandarin-like.
For the juice oxygenated fraction, wine lactone showed the highest FD factor of 4 7 , followed by linalool and eugenol with the FD factors of 4 6 . 3-Methylbutanoic acid co-eluted with 2-methylbutanoic acid, geraniol, and (2E)-4,5-epoxy-2-decenal showed the FD factors of 4 5 . Therefore it was confirmed that these compounds contributed to the original Kabosu juice flavor of green, fruity, and softly sour.
The enantiomeric distribution of the important odor-active components such as linalool, cis-rose oxide, β-citronellol, and wine lactone, was determined using a multidimensional GC/MS equipped with a chiral column. The enantiomeric ratios of these compounds are shown in Table 4 .
The enantiomeric excesses of linalool possessing the FD factors of 4 6 in both oxygenated fractions of the peel and the juice were 16%ee, where (3S)-linalool was predominant. It has been known that the sensory properties between optically pure (3R)-and (3S)-linalool show a highly significant difference. According to another work [4] , (3R)-linalool has a woody and lavender-like note with the odor-detection threshold of 0.8 ppb in water, whereas (3S)-linalool has a fruity and petitgrain-like note with that of 7.4 ppb. Considering the higher detection threshold of (3S)-linalool, it was found that (3R)-linalool would contribute to the characteristic aroma of Kabosu more than (3S)-linalool.
The enantiomeric excess of cis-rose oxide with the FD factor of 4 4 in the peel was determined as well. It has been reported that (2S,4R)-enantiomer of cis-rose oxide has a sharp floral green note with the odor-detection threshold of 0.5 ppb in water, while (2R,4S)-enantiomer has an herbal floral green note with that of 50 ppb [5] . As a result, (2R,4S)-enantiomer was found to be predominant with the enantiomeric excess of 46%ee in the peel. It was shown that (2S,4R)-enantiomer would contribute to the Kabosu peel aroma due to its 100 times lower odor-detection threshold.
The enantiomeric excesses of β-citronellol with the FD factor of 4 5 in the peel and 4 4 in the juice were also investigated. It has been reported that (3R)-enantiomer of β-citronellol has a slightly oily rosy note and (3S)enantiomer has a very fresh rosy note with the same odordetection threshold of 50 ppb in water [6] . As a result, (3R)-enantiomer of β-citronellol was found to be predominant with the enantiomeric excess of 85%ee in the peel and 77%ee in the juice. It has been suggested that citronellol is a precursor of rose oxide in the biosynthesis pathway of monoterpenoid [7] . However, no significant correlation between the enantiomeric excess of cis-rose oxide was found in this study.
As mentioned above, wine lactone had the FD factor of 4 5 in the peel and 4 7 in the juice. It has been reported that (3S,3aS,7aR)-enantiomer has an intense sweet coconut-like note with an extremely low odor-detection threshold, while (3R,3aR,7aS)-enantiomer can be hardly detected by human nose [8] . In this study, (3S,3aS,7aR)-enantiomer of wine lactone was found to be predominant with the enantiomeric excess of 95%ee in the juice, though (3S,3aS,7aR)-enantiomer was found to be predominant in the peel but its enantiomeric excess could not be calculated because of extremely low amount. Therefore it was confirmed that (3S,3aS,7aR)-wine lactone was responsible for the sweet aroma of each flavor body of Kabosu.
In conclusion, the characteristic volatile components of peel and juice of Kabosu were revealed by combination of GC/MS analysis and AEDA of each oxygenated fraction. The enantiomeric distribution of the important odor-active components was determined using a multidimensional GC/MS as well. These analytical results would give a precious knowledge to create flavors close to the natural aroma. Vanillin sweet, vanilla-like 4 a) corresponded with peak numbers in Figure 2 . b) tentatively identified. c) described as perceived in GC/Olfactometry. FD Factor (4 n ) b) cited from the Reference [5] . c) cited from the Reference [6] . d) cited from the Reference [8] . e) mean of double determinations. f) %ee means the enantiomeric excess.
Enantiomeric Ratios (%) e)
Experimental
Materials: Fresh Kabosu fruits, which were produced in Oita Prefecture on October 2009, were purchased from Kawasaki Kabosu Farm. After the fruits were washed and dried on the surface, the peel was sliced with a peeler. 70 g of the sliced peels were extracted with 150 mL of the solvent mixture (pentane/diethyl ether=2/1 by volume). The juice was obtained by squeezing the flesh by handpressing after removing the flavedo and the seeds. 1073 g of the juice was saturated with brine to inhibit enzymatic reactions and extracted with 600 mL of the same solvent mixture as described above stirring for four hours. Each supernatant was dried over anhydrous sodium sulfate, and the solvent was removed using a KD (Kuderna-Danish) condenser resulting in a final volume of around 80 mL. The volatile components were collected by SAFE technique [9] at 60°C under high vacuum (2×10 -4 Pa), and then concentrated using a KD condenser again. The yield of the aroma extract from the peel was 3.2% by weight, and 0.007% for the juice.
Preparation of the oxygenated fractions:
200 μL of the peel aroma concentrate was added to 20 mL of 10 μg/mL pentane solution of diethyl phthalate as internal standard and 60 μL of the juice concentrate was added to 10 mL. Each solution was applied to two successive solid phase extraction cartridges (Bond Elute Jr. Si, Varian, Inc., California). After hydrocarbons were washed off with 15 mL of pentane, the oxygenated fraction was eluted and collected with 10 mL of diethyl ether. Each oxygenated fraction was concentrated with a nitrogen stream at room temperature.
GC/FID analyses:
GC/FID analyses were carried out using a GC-2010 (Shimadzu Co., Kyoto) equipped with BC-WAX column (50 m × 0.25 mm i.d., film thickness of 0.15 μm, GL Sciences, Inc., Tokyo). The injector and the flame ionization detector temperatures were both 250°C. The carrier gas was helium with a constant pressure set at 170 kPa. The oven temperature program was set from 70°C to 218°C at 4°C/min.
GC/MS analyses:
GC/MS analyses were carried out using a GCMS-QP2010 (Shimadzu Co., Kyoto) with 27 eV for ionization energy by electron impact ionization equipped with BC-WAX column (50 m × 0.25 mm i.d., film thickness of 0.15 μm, GL Sciences, Inc., Tokyo). The injector and the ion source were set at 250°C and 200°C, respectively. The spectrometer was used in scan mode. The carrier gas was helium with a constant pressure set at 100 kPa. The oven temperature program was set from 70°C to 218°C at 4 °C/min. Identifications were performed by comparing and matching the retention times and mass spectra with authentic data.
AEDA: Each oxygenated fraction was stepwise 4-fold diluted with ethyl acetate until the sniffers could not detect any significant odor in a run. Analyses were performed by two flavorists. The highest dilution at which an individual component could be detected was defined as the FD factor for the odorant. Each GC/Olfactometry was performed under the same condition as GC/FID.
Multidimensional GC/MS: Chiral GC analyses were performed using a MDGC/GCMS-2010 (Shimadzu Co., Kyoto). With this system, a heart-cut of the relevant fractions can be made and transferred from the achiral column to the chiral one. The first GC was equipped with BC-WAX column (30 m × 0.25 mm i.d., film thickness of 0.25 μm, GL Sciences, Inc., Tokyo). The injector and the flame ionization detector temperatures were both 250°C. The carrier gas was helium with a constant pressure set at 180 kPa. The oven temperature program was set from 70°C to 230°C at 5 °C/min. For analyses of linalool and wine lactone, the second GC was equipped with β-DEX 225 column (30 m × 0.25 mm i.d., film thickness of 0.25 μm, Supelco, Inc., Pennsylvania) and the oven temperature program was set from 70°C to 180°C at 1°C/min. For β-citronellol, the oven temperature program was set from 70°C to 180°C at 0.2 °C/min equipped with the same column. For cis-rose oxide, the second GC was equipped with β-DEX 325 column (30 m × 0.25 mm i.d., film thickness of 0.25 μm, Supelco, Inc., Pennsylvania) and the oven temperature program was set from 70°C to 180°C at 1°C/min.
